Sexual differentiation of the brain was investigated in normal females, neonatally androgenized females and males from the viewpoints of the effects of steroid feedback and the responsiveness to electrical stimulation. Pituitary and serum gonadotropins and prolactin were measured by radioimmunoassay. 1) Pituitary LH in the male was as high as or slightly higher than that in the normal female, but pituitary FSH was much higher in the male than that in the female and pituitary prolactin was much lower in the male than the female. In androgenized females pituitary LH was as low as or slightly lower than that in the normal female, but pituitary prolactin was higher than those in normal cycling females and males. No sex differences were observed in the serum LH and prolactin levels, and serum LH in androgenized females was the same levels in male and female rats. Serum prolactin in androgenized females was higher than that in both normal females and males. Serum FSH in males was higher than that in normal females or in androgenized females. 2) Gonadectomy increased in pituitary and serum LH and FSH in all of normal females, androgenized females and males. Gonadectomy, however, decreased both pituitary and serum prolactin in normal females, but did not change their concentrations in males. In androgenized females pituitary prolactin was reduced by ovariectomy, but not serum prolactin. Estrogen injection into all of gonadectomized animals reduced serum LH and FSH and increased serum prolactin. 3) Electrical stimulation of the medial preoptic area consistently increased serum LH in orchidectomized males and ovariectomized-androgenized females under the estrogen influences. However, stimulation of the medial amygdala did not increase serum LH in orchidectomized males and ovariectomized-androgenized females under the estrogen influences, by contrast, it increased serum LH in the ovariectomized normal females under the same conditions. Hippocampal stimulation increased serum LH slightly in gonadectomized males and androgenized females; by contrast, it decreased serum LH in ovariectomized normal females. 4) In the light-induced constant estrous rats electrical stimulation of both medial preoptic area and medial amygdala increased serum LH, while stimulation of the hippocampus neither increased nor decreased it.
Sexual differentiation of the brain was investigated in normal females, neonatally androgenized females and males from the viewpoints of the effects of steroid feedback and the responsiveness to electrical stimulation. Pituitary and serum gonadotropins and prolactin were measured by radioimmunoassay. 1) Pituitary LH in the male was as high as or slightly higher than that in the normal female, but pituitary FSH was much higher in the male than that in the female and pituitary prolactin was much lower in the male than the female. In androgenized females pituitary LH was as low as or slightly lower than that in the normal female, but pituitary prolactin was higher than those in normal cycling females and males. No sex differences were observed in the serum LH and prolactin levels, and serum LH in androgenized females was the same levels in male and female rats. Serum prolactin in androgenized females was higher than that in both normal females and males. Serum FSH in males was higher than that in normal females or in androgenized females. 2) Gonadectomy increased in pituitary and serum LH and FSH in all of normal females, androgenized females and males. Gonadectomy, however, decreased both pituitary and serum prolactin in normal females, but did not change their concentrations in males. In androgenized females pituitary prolactin was reduced by ovariectomy, but not serum prolactin. Estrogen injection into all of gonadectomized animals reduced serum LH and FSH and increased serum prolactin. 3) Electrical stimulation of the medial preoptic area consistently increased serum LH in orchidectomized males and ovariectomized-androgenized females under the estrogen influences. However, stimulation of the medial amygdala did not increase serum LH in orchidectomized males and ovariectomized-androgenized females under the estrogen influences, by contrast, it increased serum LH in the ovariectomized normal females under the same conditions. Hippocampal stimulation increased serum LH slightly in gonadectomized males and androgenized females; by contrast, it decreased serum LH in ovariectomized normal females. 4) In the light-induced constant estrous rats electrical stimulation of both medial preoptic area and medial amygdala increased serum LH, while stimulation of the hippocampus neither increased nor decreased it.
Thus, there exists the sexual differentiation of the brain in control of gonadotropin secretion including regulation by the negative and positive feedback influence with gonadal steroids. However, the sexual differentiation of the brain capacity to be involved in the ovulatory release of gonadotropins responding to electrical stimulation appears to be induced by neonatal androgenization in both sexes. of LH, FSH and prolactin was based on the methods described by Niswender et al.(1968) and NIAMD instructions. LH, FSH and prolactin concentrations are expressed in terms of NIH-LH-S1, NIH-FSH-Sl and NIAMD-Rat Prolactin-RP-1. Histological sections were made to determine the site of electrodes used for stimulation.
Results

Sex differences in gonadotropins and prolactin
A) Pituitary concentration: Pituitary concentration of LH in the male was as high as or slightly higher than that in the normal cycling female, but pituitary FSH was much higher in the male than that in the cycling female and pituitary prolactin was much lower in the male than in the female. In androgenized females pituitat y LH was as low as or slightly lower than that in the cycling female, but pituitary prolactin was higher than those in cycling females and males (Table 1-3) . B) Serum concentration: No sex differences were observed in the serum LH and prolactin levels, and serum LH in androgenized females was the same levels in male and female rats. Serum prolactin in androgenized females was higher than that in both normal cycling fe- The magnitude of increment in the pituitary LH was greater than that in normal females, but increment in pituitary FSH and serum LH and FSH was in the same degree in both normal and androgenized females. Pituitary concentration of prolactin in androgenized females declined after ovariectomy, but not serum prolactin concentration (Table 2 ). Either a single or 4-day consecutive injection of estrogen into ovariectomized rats reduced serum LH and FSH and increased serum prolactin. The effects of estrogen were greater in the 4-day injected rats. High levels of pituitary LH and FSH were not changed by estrogen injection, but pituitary prolactin was increased with estrogen, as was observed in normal females. C) Male: Orchidectomy increased serum and pituitary LH and FSH, but did not change in both prolactin. Pituitary concentrations of LH and FSH in the orchidectomized male were almost equivalent to those in the ovariectomized females (both in the normal and androgenized rats), so that the increments in pituitary LH and FSH following gonadectomy were less in males. Estrogen injection for either 1 day or 4-consecutive days decreased serum LH and FSH and even pituitary LH and FSH slightly ( 3. Effects of electrical stimulation in gonadectomized and estrogen printed rats A) Normal female: Electrical stimulation of the amygdala did not change serum LH and FSH without estrogen influences. However, stimulation of the amygdala increased serum LH 48 and 100 hr after estrogen priming and also increased serum FSH 24, 48 and 100 hr after estrogen priming. Serum prolactin was decreased by amygdaloid stimulation either with or without estrogen priming (Fig.  1) . Electrical stimulation of the hippocampus decreased serum LH under the influence of estrogen i.e., the stimulation reduced serum LH in the rats stimulated 48,80 and 100 hr after estrogen priming. However, hippocampal stimulation increased serum FSH without estrogen and decreased it under the influence of estrogen. Serum prolactin was decreased by hippocampal stimulation either with or without estrogen (Fig. 2) . B) Androgenized female: Electrical stimulation of the medial preoptic area consistently increased serum LH and hippocampal stimulation also increased serum LH (Fig. 3 , Table  4 and 5). By contrast, amygdaloid stimulation did not increased serum LH. Serum FSH was increased by stimulation of the amygdala in 4-day-estrogen-primed rats, but not by stimulation in other areas of the brain. Serum prolactin was decreased by hippocampal stimulation or medial preoptic stimulation, but not by stimulation of the amygdala. Marked changes in pituitary gonadotropins and prolactin were not observed in the rats stimulated in all areas of the brain except for the hippocampus, of which stimulation increased LH and FSH slightly (Table 4 and 5). C) Male: Electrical stimulation of the medial preoptic area consistently increased serum LH in either 1-day or 4-day estrogen priming (Fig. 4 In the light-induced constant estrous rats pituitary concentrations of LH and FSH were as low as those in estrous rats but slightly lowcr than those in diestrous rats. The serum LH level was slightly higher than that in estrous rats, but did not exceed the level of proestrous rats. Serum FSH was as high as that in estrous rats, and higher than that in diestrous rats. However, a marked increase in serum and pituitary prolactin was observed by exposure to constant illumination (Table 8) . In the previous experiment we have demostrated that in androgenized rats stimulation of the medial amygdala is ineffective in increasing serum LH, while the medial preoptic stimulation is effective (Kawakami and Terasawa, 1972b ). Induction of ovulation or corpora lutea formation by the medial preoptic stimulation was reported in androgenized females (Terasawa et al., 1969; Everett et al., 1970) and castrated males with ovarian transplants (Quinn, 1966) . Thus, stimulation of the medial preoptic area in the male type of animals is capable of inducing ovulatory rise in LH, regardless of their genetical origin. However, failure of increase of serum FSH by the medial preoptic stimulation in the gonadectomized estrogen primed male or androgenized rats, in contrast to the normal females, indicates some morphological or functional alteration by neonatal treatment with androgen. Dimorphication of the medial preoptic area in androgenized rats (Doner and Staudt, 1969) and in males (Raisman and Field, 1971 ) was reported.
Serum prolactin had a tendency to be reduced by the medial preoptic stimulation in 1-day estrogen primed rats of Groups A-1 and C-1. A . decrease in serum prolactin by the medial preoptic stimulation was also observed in normal intact females (Kawakami et al., 1973b) and androgenized intact females (Kawakami and Terasawa, 1972) .
Electrical or electrochemical stimulation of the medial amygdala did not induce ovulation in androgenized rats (Terasawa, 1971; Arai, 1971) or castrated male bearing an ovarian transplant (Arai, 1971 ) and failed to induce an increase of serum LH in the males (Velasco and Taleisnik, 1969) or in androgenized rats (Kawakami and Terasawa, 1972b) . In the present experiment the male type of animals which were gonadectomized and estrogen primed, did not respond to electrical stimulation of the medial amygdala increasing serum LH. Since amygdaloid stimulation facilitated the release of LH in normal females on the day of diestrus II (Kawakami and Terasawa, 1973) , ovariectomized estrogen primed females or light-induced constant estrous rats, some impairment of the amygdala can be assumed in the male type of animals, which is produced by exposure to endogenous or exogenous androgen, regardless of their genetical origin. The ability of the amygdala to increase in serum FSH in normal female seems not to be impaired by the neonatal androgenization, while the ability of the amygdala to decrease in serum prolactin is lost.
Stimulation of the dorsal hippocampus of the male type of animals which were gonadectomized and estrogen primed, resulted in an increase in serum LH. Hippocampal stimulation in the androgenized and estrogenized rats also increased serum LH (Kawakami and Terasawa, 1972b; Kawakami et al. 1973a ). This fact is just opposite to that in the normal rats, in which hippocampal stimulation did not alter the basal level of serum LH and rather inhibit its release (Kawakami et al. 1972; Kawakami et al. 1973b ). Furthermore, stimulation of the hippocampus in androgenized rats resulted in a few rats ovulating (Terasawa, 1971) and exerted a weaker inhibitory influence of preoptic-induced ovulation (Kawakami and Terasawa, 1972b) . It is, therefore, assumed that neonatal treatment with androgen impaires the inhibitory function of the hippocampus and alters its nature to rather stimulatory function.
Another nature of the hippocampus to stimulate the FSH release in normal females (Kawakami et al. 1972) , prepuberal rats (Kawakami and Terasawa, 1972a) , androgenized rats (Kawakami and Terasawa, 1972b) , estrogenized rats (Kawakami et al. 1973a ) and in light-induced constant estrous rats, is not clear in the gonadectomized estrogen primed males or androgenized females, except for orchidectomized 4-day estrogen primed rats in which higher intensity of stimulation of all areas examined resulted in an increase of serum FSH. Since stimulation of the dorsal hippocampus in ovariectomized normal rats increased serum FSH without estrogen influence, another experiment should be designed without estrogen to clarify the ability of the hippocampus in FSH release.
Serum prolactin was reduced by the hippocampal stimulation in the ovariectomized androgenized rats with 4-day estrogen priming. This nature of the hippocampus is also observed in normal intact and normal ovariectomized estrogen primed rats, so that the hippocampus still possess an inhibitory influence on prolactin secretion. In the androgenized rat there appears to be no inhibitory influence of hippocampus on prolactin secretion.
Thus, there exists the sexual differentiation of the brain in control of gonadotropin secretion including the regulation by the negative and positive feedback influence with gonadal steroids. However, in the present experiment, no obvious sexual differentiation based on genetic characteristics are observed in the brain responding to electrical stimulation with regard to ovulatory release of gonadotropins. Therefore, it is hypothesized that 1) the lack of ovulation in the uncyclic male type of animals would be due to the functional difference of the brain involved in the steroids feedback, since spontaneous ovulation occurs under the feedback mechanism of sex steroids, and 2) the amygdala, the hippocampus and the related structures may be imprinted by neonatal androgen, since neonatal androgenization in both sexes induces different response to electrical stimulation in these areas of the brain, when measured the release of gonadotropins.
